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FOREWORD 

* 

I ',' 

This Postlaunch Report is intended t o  provide i n i t i a l  
c o r r e l a t i o n  and a q u a l i t a t i v e  summary of t h e  r e s u l t s  of t h e  
Mercury-Atlas No. 1 (MA-1) f l i g h t  test .  Information is 
presented on Mercury capsule  performance, A t l a s  boos te r  
performance and on t h e  launch and recovery opera t ions .  The 
capsule  performance information presented here in  is derived 
from a "quick-look" ana lys i s  of l imi t ed  d a t a  a v a i l a b l e  a t  
the  launch s i t e  s h o r t l y  a f t e r  launch and as such must be 
considered preliminary data .  

The MA-1 f l i g h t  tes t  is t h e  f i r s t  of a series of tests 
t o  be made with t h e  Mercury capsule  onboard t h e  A t l a s  
boos t e r ,  The primary purpose of t h e  MA-1 f l i g h t  w a s  t o  
test t h e  s t r u c t u r a l  i n t e g r i t y  of t h e  Mercury capsule  and 
i t s  heat p ro tec t ion  elements  during r e e n t r y  from a c r i t i c a l  
abor t  condi t ion .  
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1.0 SUMMARY 

Mercury-Atlas No. 1 (MA-1) was launched a t  8:13 a . m .  
E.S.T. on Ju ly  29, 1960 from Complex 14 of t h e  A i r  Force 
Missile T e s t  C e n t e r  (AFMTC), Cape Canaveral ,  F lo r ida .  Atlas  
booster  No. 50D w a s  employed i n  t h e  f l i g h t  t es t .  

The launch and f l i g h t  of t h e  MA-1 capsule-booster com- 
b ina t ion  were normal u n t i l  about 58 seconds a f t e r  l i f t - o f f  
a t  which t i m e  an abrupt  d i s turbance  of unknown o r i g i n  
occurred. A t  about 60 seconds a f t e r  l i f t - o f f  t h e  booster  
apparent ly  s u f f e r e d  major s t r u c t u r a l  f a i l u r e s ,  t h e  cause of 
which is not  p re sen t ly  known. The capsule  and capsule  
s y s t e m s  appear t o  have been opera t ing  properly a t  t h e  t i m e  
of booster  f a i l u r e .  The capsule  remained e s s e n t i a l l y  in-  
t a c t  a f t e r  t h e  boos te r  f a i l u r e  and u n t i l  impact. The capsule  
wreckage w a s  l oca t ed  4.6 m i l e s  due e a s t  of launch Complex 14. 
About 95 percent  of t he  capsule  had been recovered a t  t h e  
t i m e  of t h i s  wr i t ing .  The capsule  t es t  ob jec t ives  were not  
m e t .  
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2 . 0  FLIGHT TEST OBJECTIVES 

The planned t e s t  ob jec t ives  of t h e  MA-1 mission, i n -  
c luding  the  capsule  ob jec t ives  as w e l l  as t h e  boos te r  
ob jec t ives ,  are ou t l ined  i n  t he  MA-1 Mission Di rec t ive  (NASA 
P r o j e c t  Mercury Working Paper No. 132). The capsule  f i r s t  
o rde r  test ob jec t ives  are s t a t e d  below: 

(1) Determine t h e  i n t e g r i t y  of t he  Mercury capsule  
s t r u c t u r e  and af terbody sh ing le s  f o r  a r e e n t r y  a s soc ia t ed  
w i t h  a c r i t i c a l  abor t .  

(2) Determine Mercury-capsule afterbody hea t ing  rates 
dur ing  r een t ry .  

(3) Determine t h e  f l i g h t  dynamic c h a r a c t e r i s t i c s  of 
t h e  Mercury capsule  during reent ry .  

(4) E s t a b l i s h  t h e  adequacy of t h e  capsule  recovery 
s y s t e m  and recovery procedures. 

2 



3 0 CAPSULE AND CAPSULE SYSTEMS 

Figures  3.0-1 and  3.0-2 show photographs of t h e  cap- 
s u l e  and capsule-booster combination. The b a s i c  s t r u c t u r a l  
conf igura t ion  and hea t  pro tec t ion  elements of t h e  MA-1 
capsule  are t h e  same as employed i n  t h e  s tandard  Mercury 
design w i t h  t h e  exception of t h e  escape tower. A s t u b  
tower, cons t ruc ted  from t h e  lower po r t ion  of t h e  s tandard  
escape tower, was employed to d u p l i c a t e  t h e  s t r u c t u r a l  j o i n t  
a t  the  tower clamp r i n g  and t o  support  a thermal f a i r i n g  over 
t h e  end of t h e  antenna c a n i s t e r .  

The primary s y s t e m s  and components employed onboard t h e  
MA-1 capsule  are l i s t e d  below: 

(1) Te leme t ry  System (20-watt - 16 continuous sub- 
carriers t r ansmi t t i ng  over s tandard  Mercury discone antenna) .  

(2) Two Cook magnetic t a p e  recorders .  

(3) Two 16-mm Milliken movie cameras. 

(4) Standard Mercury heat exchanger (used only f o r  
i n t e r n a l  capsule  cool ing during ground t e s t s ) .  

(5) Standard Mercury retropack s t r u c t u r e  (used t o  house 
t h e  (3) posigrade rocket  motors).  

(6) Explosive devices 

(a) Stub tower clamp r i n g  

(b) Main clamp r ing  

(c)  Retropack r e l ease  

(d) Drogue parachute mortar 

(e )  Antenna e j e c t o r  

( f )  Main and reserve parachute b l a s t  bags 

(g) Main parachute disconnect 

( 7 )  Landing and Recovery Systems 

(a) Drogue parachute 

(b) Main parachute ( r e se rve  parachute used f o r  
b a l l a s t  only) 

3 







3.0 CAPSULE AND CAPSULE SYSTEMS (Cont'd) 

(c) Two SOFAR bombs 

(d) Flashing l i g h t  

(e) Radar chaff 

(f) 

(g) Two UHF, 15-watt, U l t r a  SARAH Recovery 

Dye marker (one pack in antenna c a n i s t e r  and 
one pack t o  be e j e c t e d  from capsule  upon impact) 

Beacons 

The following measurements were te lemetered from t h e  
capsule  : 

(1) (51) Temperatures ( sh ing le s ,  hea t  s h i e l d ,  and 
s t r u c t u r e )  

(1) Reference temperature 

P i t c h  rate 

Yaw rate 

R o l l  rate 

Longitudinal acce le ra t ion  (high range) 

Longitudinal acce le ra t ion  ( l o w  range) 

Normal acce le ra t ion  

Transverse acce le ra t ion  

Cabin pressure  

Voltage monitor 

Capsule t i m e  

Shingle  v ib ra t ion  (1 sh ing le )  

H e a t  s h i e l d  cavi ty  pressure  

Events 

6 
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4 . 0  CAPSULE PHYSICAL DATA 

The following are measured phys ica l  da t a  which were 
determined during the prelaunch prepara t ions  of t h e  capsule .  
Refer t o  f i g u r e  4.0-1 for d e f i n i t i o n  of t h e  a x i s  s y s t e m  
used. 

Ex i t  conf igura t ion  (includes capsule ,  re t ropack  and 
s t u b  tower) 

Gross weight 2561.52 l b s .  
Center of g rav i ty  loca t ion  
Longitudinal - dis tance  from capsule  
maximum diameter X = -22.99 i n .  
Transverse Y = 0.03 i n .  
Normal Z = -0.29 i n .  

Reen t ry  conf igura t ion  

Gross weight 2406.27 l b s .  
Center of g rav i ty  loca t ion  
Longitudinal - dis tance  from capsule  
maximum diameter X = -21.13 i n .  
Transverse Y = 0.03 i n .  
Normal Z = -0,30 i n .  

Moments of i n e r t i a  

I, ( r o l l )  
Iy (p i t ch )  
I z  (yaw> 

286 s lug - f t2  
508 s l u g - f t 2  
502 s l u g - f t 2  

. 
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5.0 FLIGHT PLAN 

The normal f l i g h t  plan f o r  t h e  MA-1 mission called f o r  
launching t h e  capsule  on a b a l l i s t i c  t r a j e c t o r y  with a head- 
i n g  of l0S0 t r u e  down t h e  At l an t i c  Missile Range (AMR). The 
A t l a s  boos te r  guidance w a s  programed s o  as t o  provide f l i g h t  
cond i t ions  a t  capsule  separa t ion  t o  match t h e  cond i t ions  f o r  
a p a r t i c u l a r  pos ts tage  abort  from a nominal Mercury e x i t  trajec- 
to ry .  This p a r t i c u l a r  abort  imposes c r i t i ca l  hea t ing  condi t ions  
on t h e  hea t  p ro t ec t ion  sh ing le s  of t h e  con ica l  af terbody of t h e  
capsule .  The des i r ed  t r a j e c t o r y  matching condi t ions  a t  sus-  
t a i n e r  engine cu to f f  are l i s t e d  below: 

I n e r t i a l  v e l o c i t y ,  f t / a e c  18,953 

Al t i t ude ,  f e e t  547,033 

I n e r t i a l  f l i gh t -pa th  angle ,  3.61 
degrees 

The planned MA-1 mission also w a s  t o  s imula t e  a cond i t ion  
where a complete c o n t r o l  s y s t e m  f a i l u r e  is encountered s i n c e  
t h e  capsule  d i d  no t  employ a s t a b i l i z a t i o n  and c o n t r o l  sys t em.  
The capsule  motions during r een t ry  would be dependent on t h e  
inhe ren t  aerodynamics of t h e  conf igura t ion .  

Separat ion of t h e  capsule from t h e  boos te r  w a s  t o  be 
e f f e c t e d  by means of t h e  three posigrade rocke t s  c a r r i e d  i n  
t h e  s tandard  Mercury retropack.  No r e t r o r o c k e t s  were em- 
ployed i n  t h e  test .  The Mercury capsule  escape s y s t e m  w a s  
not i n s t a l l e d  f o r  t h i s  f l i g h t .  

The landing o r  descent phase w a s  planned t o  inc lude  t h e  
use  of both drogue and main parachutes.  The drogue para- 
chu te  w a s  t o  be deployed a t  an a l t i t u d e  o€ 42,000 f e e t  and 
t h e  main parachute a t  an a l t i t u d e  of 10,000 f e e t ,  The r e se rve  
parachute  was no t  intended t o  be deployed i n  f l i g h t ,  but  w a s  
included i n  t h e  capsule  as b a l l a s t .  

The capsule  used i n  t h e  MA-1 mission d i d  no t  have t h e  
escape s y s t e m  which w i l l  be s tandard  on o t h e r  Mercury f l i g h t s .  
I n  t h e  event of an aborted f l i g h t  before  T+170 seconds,  t h e  
capsule  would no t  r ece ive  a sepa ra t ion  s i g n a l .  Af te r  t h i s  
t i m e ,  t h e  capsule  would be expected t o  s e p a r a t e  from t h e  
boos te r  i n  t h e  normal fashion when t h e  booster  received t h e  
s u s t a i n e r  cu tof f  s i g n a l  (MFCO or S E O ) .  

9 



6,O FLIGHT HISTORY 

Mercury-Atlas No. 1 (MA-1) was launched a t  8:13 a . m .  
E.S.T. on Ju ly  29, 1960 from Complex 14 of t h e  A i r  Force 
Missile T e s t  Center,  Cape Canaveral, F lo r ida .  A t l a s  No. 
50D was employed i n  the  f l i g h t  t es t .  

The f l i g h t  of t h e  Mercury-Atlas t e s t  v e h i c l e  appear- 
ed normal i n  a l l  r e s p e c t s  f o r  about t h e  f i r s t  minute 
fol lowing l i f t - o f f .  A t  58.5 seconds a l a r g e  d is turbance  
occurred which r e s u l t e d  i n  a forward a c t i n g  shock load 
of about 25 g on t h e  capsule.  T h i s  d i s turbance  apparent- 
l y  d id  not  r e s u l t  i n  damage t o  the  capsule  o r  capsule  
s y s t e m s ,  nor d i d  i t  seem t o  r e s u l t  i n  l o s s  of t h r u s t  of 
t h e  booster .  Approximately 1 second a f t e r  t h e  i n i t i a l  
d i s turbance ,  t h e  booster  telemetry w a s  l o s t  and mul t ip l e  
radar t a r g e t s  appeared s h o r t l y  t h e r e a f t e r .  The capsule  
apparent ly  d i d  not  s u s t a i n  major damage from these  events  
as evidenced by t h e  da t a  obtained from t h e  continuous 
opera t ion  of a l l  capsule  telemetry channels t o  capsule  
impact,  o r  f o r  about 143 seconds a f t e r  boos te r  f a i l u r e .  
The impact po in t  as e s t ab l i shed  by t h e  r ada r s  was approxi- 
m a t e l y  4 m i l e s  o f f shore .  No capsule  sequence events  
s i g n a l s  were recorded by the t e l e m e t r y .  T h i s  cond i t ion  
would be expected a t  t h i s  t i m e  of f l i g h t  because t h e  
boos te r  s i g n a l s  i n i t i a t i n g  capsule  sequences w e r e  no t  
t o  be enabled i n  t h e  booster u n t i l  170 seconds,  Thus 
t h e  landing and recovery s y s t e m  could not  have been act i -  
va ted  and d i d  not  func t ion .  

The capsule  wreckage was found and recovered t h e  
day following the tes t  i n  s i x t y  f e e t  of water near  t h e  
p red ic t ed  impact po in t .  

. 
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7.0  RESULTS 

7 . 1  Launch Operat ions 

7.1.1 Prelaunch A c t i v i t i e s  

The  capsule  w a s  de l ivered  t o  t h e  pad and mated t o  t h e  
boos t e r  on X-2 d a y s .  The capsule  p l a s t i c  r a i n  cover w a s  f i t t e d  
and ad jus t ed  and checked o u t  f o r  proper  umbi l i ca l  e j e c t i o n .  
During X - 1  day t h e  primary a c t i v i t y  on t h e  capsu le  involved 
making r e s i s t a n c e  checks of  a l l  pyrotechnic  b r idge  c i r c u i t s .  
These tes ts  ind ica t ed  t h a t  a l l  pyro technics  were s a t i s f a c t o r y .  
A l s o  dur ing  X - 1  d a y ,  t h e  normal boos te r  a c t i v i t i e s  were accom- 
p l i s h e d ,  and t h e  boos te r  w a s  r epor t ed  t o  be ready t o  s t a r t  
precount operations as planned. I n  t h e  capsu le  precount ,  f i n a l  
checks were made on t h e  capsule  pyro technics ,  the b a t t e r i e s  
were connected, t h e  h a t c h  was i n s t a l l e d  and p res su re  checks 
were made. The boos te r  precount a c t i v i t i e s  proceeded normally w i t h  
no apparent  d i f f i c u l t i e s .  As planned, t h e  capsu le  and booster 
started t h e  215 minute d e t a i l e d  count  a t  3:55 a . m .  EST. 

Three holds  and one recycle r equ i r ed  an a d d i t i o n a l  
43 minutes which increased  the  t o t a l  countdown t i m e  requi red  
t o  258 minutes.  

Approximately 8 hours be fo re  launch t i m e ,  t h e  launch 
s i t e  weather cond i t ions  were i n t e r m i t t e n t  r a i n  and complete 
c loud cover .  Local wind v e l o c i t y  w a s  w e l l  w i t h i n  t h e  l i m i t a -  
t i o n s  s p e c i f i e d  f o r  t h i s  t e s t .  Weather f o r e c a s t s  p red ic t ed  
t h a t  v i s i b i l i t y  cond i t ions  would g radua l ly  improve. Weather 
c o n d i t i o n s  i n  t h e  intended landing area were near  i d e a l  f o r  
capsu le  landing and recovery.  Fo recas t s  i nd ica t ed  t h a t  no 
apprec i ab le  change was l i k e l y  t o  occur  throughout t h i s  t e s t .  

During t h e  coun t ,  a l l  capsule  and boos ter  s y s t e m s  
checkouts were accomplished smoothly wi th  no apparent  d i f f i -  
c u l t i e s  or changes t o  planned procedures .  A t  T-35 minutes,  
t h e  count w a s  held f o r  the following reasons:  (1) De lays in  
t h e  pyrotechnic  hookup and (2) Delays i n  t h e  p repa ra t ion  of 
camera equipment on t h e  l a u n c h  complex. 
be a t t r i b u t e d  mostly t o  t h e  weather c o n d i t i o n s .  The afore- 
mentioned pyrotechnic  and  camera a c t i v i t i e s  r equ i r ed  about 
15 minutes of t h e  hold;  t h e  hold w a s  then  extended t o  
e v a l u a t e  t h e  e f f e c t  of the  poor v i s i b i l i t y  on t h e  launch 
pad camera coverage. I t  was decided t h a t  t h e  e x i s t i n g  photo- 
graphic  coverage w a s  not  s o  impaired as t o  j u s t i f y  f u r t h e r  
d e l a y  of t h e  t e s t .  The t o t a l  hold a t  t h i s  t i m e  amounted t o  
30 minutes.  A t  T-7 minutes, t h e  count  w a s  he ld  t o  complete 
l i q u i d  oxygen sub-cooled topping. T h i s  de lay  w a s  caused 
by d i f f i c u l t y  i n  maintaining f l i g h t  l i q u i d  oxygen l e v e l  
through t h e  2-inch topping l i n e y  T h i s  is a common occur- 
rance .  The requi red  l e v e l  was reached dur ing  t h e  hold ,  and 
t h e  count w a s  resumed. A t  T-19 seconds a shor t  hold of 
about 1 minute w a s  required t o  determine t h e  cause  of no 
water ready l i g h t  on t h e  t e s t  conductor ' s  console .  I t  w a s  

11 
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7.1 .1  Prelaunch A c t i v i t i e s  (continued) 

learned t h a t  t h e  ready s w i t c h  w a s  i n a d v e r t e n t l y  not  thrown, 
and upon a c t u a t i o n  of t h e  s w i t c h ,  t h e  l i g h t  came on.  The count  
w a s  then recycled t o  minus 25 seconds and cont inued as planned 
w i t h  no o t h e r  d i f f i c u l t i e s  encountered. I n  g e n e r a l ,  t h e  over- 
a l l  launch ope ra t ion  w a s  smoothly i n t e g r a t e d  and conducted, 
and t h e r e  w a s  no i n d i c a t i o n  a t  any t i m e  of any s y s t e m  m a l -  
f unc t ion  i n  t h e  capsu le  or t h e  boos te r .  
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7.1.2 Weather Conditions a t  Launch 

A t  t h e  t i m e  of l i f t - o f f  t h e  weather w a s  repor ted  as 
fol lows : 

Planned landing area: 

Clouds - .1 coverage w i t h  low cloud base a t  
2000 feet  

Waves - 3 f e e t  

Surface winds - 13 kno t s  from 095 degrees 

V i s i b i l i t y  - 8-15 m i l e s  

Launch s i te :  

Clouds - .3 coverage a t  1500 f e e t  

.2 coverage a t  3200 f e e t  

1 .0  coverage a t  9000 f e e t  

Winds - See f i g u r e  7.5-3 

Sea l e v e l  pressure  - 1008.8 m i l l i b a r s  

V i s i b i l i t y  - 3 miles i n  r a i n  showers 

An observat ion f rom t h e  h e l i c o p t e r ,  a i rbo rne  over 
t h e  edge of t h e  Banana R i v e r  i nd ica t ed  r a p i d l y  lowering c e i l i n g  
and v i s i b i l i t y  due t o  a low hanging r a i n  cloud moving ac ross  
t h e  Skid S t r i p  from the  south.  

13 
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7.2  Tra j ec to ry  and Booster Performance 

NOTE: RANGE ZERO TIME FOR THIS TEST WAS ESTABLISHED AS 

ZULU) EXCEPT WHERE NOTED ALL TIMES GIVEN I N  THIS REPORT 
ARE BASED ON RANGE ZERO TIME. 

13:13:03 ZULU, (2-INCH LIFT-OFF TIME WAS 13:13:03.92 

7 . 2 . 1  Tra jec tory  

From l i f t - o f f  t o  36 seconds t h e  G o  E. Burroughs 
Guidance System y ie lded  t r a j e c t o r y  rate d a t a  which were 
i n t e r m i t t e n t  and n o t  s u i t a b l e  f o r  r educ t ion .  The guid- 
ance s y s t e m  performed normally from 36 t o  58.65 seconds 
(range time) a t  which t i m e  a l l  lock w a s  l o s t  and never 
rega ined ,  

Real t i m e  impact p red ic t ion  on t h e  RSO plo tboard  
w a s  supp l i ed  by t h e  Cape FPS-16 u n t i l  57 seconds. A t  
t h i s  t i m e  an a t tempt  was made t o  use  AZUSA d a t a .  When 
AZUSA proved unusable ,  t h e  Cape FPS-16 d a t a  were used 
from 73 seconds u n t i l  l o s s  of s i g n a l .  The XN-1 radar w a s  
n o t  used i n  t h e  Impact P red ic to r  computer because of 
mechanical d i f f i c u l t i e s  i n  t h e  d a t a  d i g i t i z e r .  

The t r a j e c t o r y  d a t a  presented i n  t h i s  s e c t i o n  is based 
on t h e  d a t a  obta ined  from fol lowing t r a c k i n g  f a c i l i t i e s :  

F a c i l i t y  Range t i m e ,  seconds 

G. E. Burroughs 36-58.65 
AZUSA 34-58 65 
Cape FPS-16 10-20 

31-58 
80-171 

Af te r  58.65 seconds,  t h e  t r a j e c t o r y  is based on the  Cape 
FPS-16 d a t a  and an i n t e g r a t e d  t r a j e c t o r y  us ing  t h e  G. E. 
Burroughs cond i t ions  a t  t h i s  t i m e .  

The fo l lowing  va lues  were obta ined  from t h e  Burroughs 
computer nea r  t h e  t i m e  when t h e  powered f l i g h t  w a s  terminated.  

Time, secs (Range t i m e )  57.19 57.69 58.19 
L a t i t u d e ,  deg n o r t h  28.4898 28 4896 28 4894 
Longitude, deg w e s t  80.5178 80.5166 80.5155 
A l t i t u d e ,  f t  32589 33242 33878 
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7 . 2 . 1  Tra jec tory  (Cont'd) 

I n e r t i a l  v e l o c i t y ,  f t / s e c  
I n e r t i a l  f l i g h t  pa th  angle  
(from h o r i z o n t a l ) ,  deg 
I n e r t i a l  heading angle  
(from n o r t h ) ,  deg 
Earth f i x e d  v e l o c i t y ,  f t / s e c  
Ear th  f i x e d  f l i g h t  path 
Angle, deg 
Ear th  f i x e d  heading angle ,  
deg 
Mach number 
Dynamic pressure ,  lb/f  t2 

2436 
31.93 

94.96 

1484 
60.25 

104.04 

1.51 
889 

- 2483 - 32.02 

- 95.16 

1506 1528 
59.83 59.49 

104.25 104.12 

- 1.56 - 899 

The Mach number and dynamic pressure  given above are 
based on a s tandard  ARDC 1959 atmosphere. Calcu la t ions  us ing  
t h e  dens i ty  measured p r i o r  t o  t h e  launch i n d i c a t e  t h a t  t h e  
dynamic p res su res  given above and i n  t h e  f i g u r e s  of t h i s  s e c t i o n  
are about 8 percent  low. The dynamic p res su res  encountered w e r e  
approximately t h e  m a x i m u m  expected. 

The ground t r ack  is shown i n  f i g u r e  7.2.1-1. Because of 
high winds (see f i g u r e  7 .1 .2- l ) ,  t h e  t r a c k  dev ia t e s  consider- 
a b l y  from t h e  nominal. 

A p l o t  of a l t i t u d e  versus  range is shown i n  f i g u r e  7.2.1-2, 
Time h i s t o r i e s  of t r a j e c t o r y  q u a n t i t i e s  are shown i n  f i g u r e s  
7.2.1-3 t o  7.2.1-5. Figure 7.2.1-1 shows the po in t  where t h e  
capsule  wreckage w a s  located and recovered a f t e r  t h e  f l i g h t .  
Also shown are the impact po in t  ob ta ined  from t h e  Cape FPS-16 
r a d a r  t r ack ing ,  t h e  impact p o i n t  c a l c u l a t e d  from t h e  cond i t ions  
a t  t h e  terminat ion of powered f l i g h t  based on G. E. d a t a ,  and 
t h e  c a l c u l a t e d  vacuum and i n t e g r a t e d  impact p red ic t ion  computer 
impact po in t .  
f o r  wind e f f e c t s .  The e f f e c t s  of t h e  high winds a t  t h e  lower 
a l t i t u d e s  can be not iced  i n  t h e  i n i t i a l  phase of t h e  ascent 
and i n  t h e  descent  a t  a l t i t u d e s  below 30,000 f e e t .  The only 
impact p o i n t s  suppl ied  t o  the  recovery f o r c e s  immediately 
a f t e r  f l i g h t  w e r e  t h e  FPS-16 e l l i p t i c  and i n t e g r a t e d  va lues  
obtained from t h e  impact p red ic t ion  computer. More r e f i n e d  
va lues  were suppl ied  on the day fol lowing t h e  f l i g h t .  

The ca l cu la t ed  and FBS-16 p o i n t s  w e r e  co r rec t ed  
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7 . 2 . 2  Booster Performance 

Engine i g n i t i o n  appeared t o  be smooth and normal. Release 
and l i f t - o f f  w e r e  normal a f t e r  t h e  planned hold-down t i m e .  In- 
formation p r e s e n t l y  a v a i l a b l e  i n d i c a t e s  t h a t  t h e  boos te r  per- 
formance w a s  normal i n  a l l  r e spec t s  u n t i l  58.5 seconds a f t e r  
l i f t - o f f .  A t  t h i s  t i m e  some boos te r  te lemet ry  w a s  l o s t  as a r e s u l t  
of an unexplained abrupt  event.  This  event  caused l a r g e  d i s t u r b -  
ances i n  t h e  capsu le  and booster  l o n g i t u d i n a l  a c c e l e r a t i o n  d a t a .  
The cause of t h i s  d i s turbance  is p r e s e n t l y  unknown. There are 
s t r o n g  i n d i c a t i o n s ,  however, t h a t  a f t e r  t h e  d i s t u r b a n c e ,  t h e  
engines  continued t o  ope ra t e  f o r  a s h o r t  per iod  of t i m e .  I t  
appears  t h a t  sometime between 59.0 and 60.0 seconds ,  t h e  boos te r  
experienced major s t r u c t u r a l  damage. 
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7.3  Capsule Measurements 

7 . 3 . 1  Motions and Loads 

The MA-1 capsule  motions and loads presented here in  
were obtained from t h e  capsule  f l i g h t  telemeter records ,  
po r t ions  of which a r e  presented here in .  See f i g u r e  4,O-1 
f o r  a d e s c r i p t i o n  of t h e  ax i s  sys t em.  

The f i r s t  i nd ica t ion  of any dev ia t ion  from normal 
launch angular rates and acce le ra t ions  occurred a t  58.52 
sec from 2-inch motion a s  seen i n  f i g u r e s  7.3.1-1 and 7.3.1-2. 
A t  t h i s  t i m e  a negat ive long i tud ina l  a c c e l e r a t i o n  impulse 
( i n  t h r u s t  d i r e c t i o n )  of g r e a t e r  than 25 g ' s  w a s  de t ec t ed  
on t h e  high range longi tudina l  accelerometer.  T h i s  25 g 
nega t ive  acceleration was a t t a i n e d  a t  58.52+0.006 seconds.  
A t  58.52+0.012 seconds a 10 g p o s i t i v e  acce le ra t ion  w a s  
de t ec t ed .  This cycle is completed i n  about 20 mi l l i seconds .  
The l e v e l  of l ong i tud ina l  g ' s  then  went t o  zero  f o r  approxi- 
m a t e l y  0.10 seconds then increased t o  8 g ' s  t h r u s t  f o r  
another  0.10 seconds before  r e tu rn ing  t o  t h e  boos te r  t h r u s t  
l e v e l ,  A t  about 59 seconds t h e  acce le ra t ion  began t o  decrease 
i n  an i r r e g u l a r  manner u l t imate ly  reaching a maximum of about 
7 . 5  g r e t a r d a t i o n  (drag).  The capsule  normal and t r ansve r se  
accelerometers  a l s o  ind ica ted  some s i d e  loads of s h o r t  dura- 
t i o n  a t  approximately 58.7 seconds; s t a r t i n g  a t  59.5 seconds 
both of these  accelerometers evidenced an o s c i l l a t i o n  of t h e  
type  t h a t  would i n d i c a t e  t h a t  t h e  capsule  and its poss ib l e  
a t t ached  booster  p a r t s  w a s  a f r e e  body. From t h e  angular  
ra te  traces in f i g u r e  7.3.1-2 an abrupt  change of a l l  rates 
is seen  a t  about 59.5 seconds. 

I n t e g r a t i o n  of t h e  r a t e s  from 58.5 t o  59.0 seconds 
i n d i c a t e  an angle  change of c l o s e  t o  10 degrees.  Cor re l a t ion  
wi th  boos te r  t e l e m e t r y  da ta  was not  made because t h e  boos te r  
d a t a  are quest ionable  from 58.5 seconds t o  loss of booster  
t e l e m e t r y .  

Shown i n  f i g u r e s  7.3.1-3 and 7.3.1-4 are t h e  capsule  
a c c e l e r a t i o n  and ra te  measurements near  T+101 seconds,  From 
r a d a r  t racking ,  t h e  capsule  a t  t h i s  t i m e  w a s  a t  an a l t i t u d e  
of approximately 40,000 f e e t  and w a s  descending. The rates 
and a c c e l e r a t i o n s  shown i n  t h i s  f i g u r e  a r e  t y p i c a l  f o r  a 
tumbling maneuver 

The capsule  acce le ra t ions  and r a t e s  j u s t  before  impact 
are shown i n  f i g u r e s  7.3.1-5 and 7.3.1-6. The c h a r a c t e r i s t i c s  
of t h e  curves a r e  again t y p i c a l  of a rap id ly  r o l l i n g  and 
tumbling body 
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7.3.2 Vibra t ion  Measurements 

Accelerometer - The capsule  high frequency v i b r a t i o n s  
( i n  t h e  d i r e c t i o n  of t h e  x-axis;  see f i g u r e  4.0-1) as measured 
by t h e  accelerometer dur ing  f l i g h t  va r i ed  from approximately 
1 . 0  g peak t o  peak, a t  20 seconds of f l i g h t  t i m e ,  t o  approx- 
i m a t e l y  3.0 g peak t o  peak during t h e  10 seconds p r i o r  t o  t h e  
apparent  boos te r  f a i l u r e .  The predominant frequency w a s  200 
c p s .  The above da ta  were measured by t h e  capsu le  l o n g i t u d i n a l  
accelerometer ;  t h e  s p e c i a l  accelerometers  used for t h e  FRF 
v i b r a t i o n  measurements ( s e e  appendix) were no t  connected dur- 
ing  f l i g h t .  

NOTE: Frequencies above 300 cps  would have been g r e a t l y  
a t t enua ted  by t h e  f l i g h t  accelerometer. 

S t r a i n  gage - Shingle  s t r a i n  measurements i nd ica t ed  nor- 
m a l  engine no i se  a t  l i f t - o f f  and t h e  expected aerodynamic n o i s e  
up t o  a Mach number of 1. The predominant frequency of t h e  ob- 
se rved  s h i n g l e  s t r a i n  was a t  t h e  s h i n g l e  f i r s t  resonant  f r e -  
quency of 350 t o  600 c y c l e s  p e r  second. The resonant  frequency 
of t h e  s h i n g l e  w a s  e s t ab l i shed  by ear l ier  ground tests.  Above 
a Mach number of 1 t h e  s t r a i n  gage i n d i c a t e d  l a r g e  p re s su re  
and s t r a i n  f l u c t u a t i o n s  a t  a frequency of 200 c p s .  These f l u c -  
t u a t i o n s  d i d  not  appear t o  damage t h e  s h i n g l e  i n  t h a t  t h e  s t r a i n  
gage continued t o  ope ra t e  t o  water impact. 

The capsu le  onboard tape r eco rde r s  have been recovered 
i n t a c t  and w i l l  provide a d d i t i o n a l  d a t a .  Three a d d i t i o n a l  
s h i n g l e s  had s t r a i n  gages d i rec t - recorded  on t h e  t a p e  record- 
ers (no t  t e l eme te red ) ;  i n  a d d i t i o n ,  a microphone, i n s t a l l e d  
underneath a s t ra in-gaged s h i n g l e  w a s  d i rec t - recorded  on a t a p e  
r eco rde r .  A p re l iminary  examination of these d a t a  w a s  made 
by d i r e c t  playback of the  recorder  t a p e s  and i t  was found t h a t  
t h e s e  d a t a  r e f l e c t  e s s e n t i a l l y  t h e  same c h a r a c t e r i s t i c s  as 
observed from t h e  telemetered s t r a i n  gage d a t a .  

30 



7.3.3 Other Measurements 

Pressures  - Figure 7.3.3-1 is a p l o t  of t h e  capsule  cabin 
and capsule  heat-shield-cavity pressure  vs t i m e .  

The cabin pressure  r egu la t ing  valve located on t h e  s m a l l  
p ressure  bulkhead appeared t o  func t ion  properly.  The pressure  
decreased w i t h  a l t i t u d e  u n t i l  t h e  r e g u l a t i n g  pressure  of ap- 
proximately 5.4 p s i a  w a s  reached. A t  t h i s  po in t  t h e  cabin  
pressure  he ld  constant  f o r  about 50 seconds i n d i c a t i n g  t h a t  
cab in  leaks, i f  any, were negl ig ib le .  The valve opened 
again during descent and equal ized t h e  pressure  s a t i s f a c t o r i l y .  

I t  should be noted t h a t  t h e  valve continued t o  ope ra t e  
s a t i s f a c t o r i l y  a f t e r  t h e  booster f a i l u r e  and t h a t  t h e  cabin  
pressure  remained cons tan t  during t h e  t i m e  t h e  valve w a s  
closed. I t  thus  appears t h a t  t h e  capsule  pressure  ves se l  
remained s t r u c t u r a l l y  sound and s e a l e d  during and a f t e r  t h e  
boos te r  malfunction. There w a s  no p r e s s u r i z a t i o n  s y s t e m  on 
board t h e  capsule .  

Another po in t  of i n t e r e s t  is t h a t  t h e  heat-shield-cavi ty  
p re s su re  w a s  not unduly h i g h  ( f i g u r e  7.3.3-1) i n d i c a t i n g  t h a t  
( a t  least  f o r  t h e  l o w  Mach numbers of t h i s  f l i g h t )  t h e  shock 
wave from t h e  main clamp r ing  had l i t t l e  o r  no e f f e c t  on t h e  
p re s su res  i n  t h e  cav i ty .  

Heating - Because of the low speeds involved, no s ig -  
n i f i c a n t  e x i t  hea t ing  da ta  were obtained from t h i s  f l i g h t .  
The 51 thermocouples d i s t r i b u t e d  throughout t h e  capsule  s t r u c -  
t u r e  and s h i n g l e s  functioned properly from l i f t - o f f  t o  capsule  
impact. 

The thermocouples were a t tached  t o  t h e  capsule  s t r u c t u r e  
and sh ing le s  i n  such a manner t h a t  breakup of t h e  s t r u c t u r e  
o r  l o s s  of a thermocoupled sh ing le  i n  f l i g h t  would have 
opened t h e  c i r c u i t ( s )  of t h e  a f f e c t e d  thermocouple(s).  Such 
an open c i r c u i t  would have been immediately apparent.  

From t h e  pressure  and temperature measurements discussed 
i n  t h i s  s e c t i o n ,  t h e r e  is  s t rong  evidence t h a t  t h e  capsule  
remained i n t a c t  and s t r u c t u r a l l y  sound, during and a f t e r  t h e  
boos te r  malfunction, down t o  capsule  impact. 
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7 .4  Capsule Systems Performance 

7.4.1 Instrumentation and Telemetry 

For the MA-1 launch, 203 seconds of data were obtained 
via the telemetry link. Evaluation of the onboard recorded 
portions of the instrumentation system is not included in 
this report. The onboard tape recorders have been recovered. 
The tapes are in good condition and are being processed at 
this writing. 

Examination of the telemetry records showed all channels 
performed satisfactorily. Channel noise is modest (less than 
2% of band width for all channels) and should not hinder 
evaluation and reduction. Zero shifts recorded during pre- 
launch checks are less than 201% of band width with the 
exception of the 7.35 kc channel, which had zero shifted 3%. 
No zero shifts were noted during flight. 

At loss of signal, all sensors were intact including 
all 51 thermocouples and the single strain gage instrumented 
via telemetry. Evaluation of the cavity pressure channel, 
whose pressure sensor was exposed to atmospheric pressure, 
indicated data were received to capsule impact. 

The brevity of the flight precluded the possibility of 
determination of antenna pattern by study of signal strength. 
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7 . 4 . 2  Electrical Power 

In general, the performance of the capsule's electrical 
power system, before and during the abbreviated flight, was 
satisfactory. During the prelaunch condition, all console 
switches and monitor functions were accomplished with no dis- 
crepancies noted. The capsule's main, camera, and recovery 
batteries were within the specified voltage tolerances prior 
to launch. The main (instrumentation) battery voltage was 
telemetered and remained constant at 27.4 volts until impact. 

Analysis of the two event data traces (. 96 kc and 10.5 
kc), showed that the flight terminated before any of the 
programmed events occurred. 

7 .4 .3  Other Systems 

The sequencing, landing and recovery systems were not 
exercised during the flight since the flight was terminated 
before the systems were programmed to be enabled. 
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7 .5  Recovery 

The d i s t r i b u t i o n  of t h e  recovery f o r c e s  i n  t h e  desig- 
nated recovery areas is shown i n  f i g u r e s  7.5-1 and 7.5-2. 
The general  plan of a c t i o n  following launch w a s  t o  t r ans -  
m i t  (by voice rad io)  t h e  pred ic ted  landing po in t  information 
from t h e  recovery c o n t r o l  cen ter  t o  t h e  downrange recovery 
commander. The recovery commander would then a c t i v a t e  
appropr ia te  e l e c t r o n i c  and v i sua l  a i r c r a f t  s e a r c h  p lans  t o  
l o c a t e  t h e  capsule ,  Following l o c a t i o n ,  c a p s u l e  pickup 
would be by e i t h e r  he l i cop te r  o r  s h i p ,  whichever could be 
done more quickly.  There were no prelaunch movements of 
%he recovery f o r c e s  from the  planned loca t ions .  

A t  approximately T+140 seconds (8 : 15 a . m .  E. S. T. ) , 
t h e  launch s i t e  recovery commander i n  t h e  a i rbo rne  h e l i -  
cop te r  w a s  advised t h a t  radar  w a s  t r ack ing  a descending 
o b j e c t  and t o  s t a n d  by f o r  vector ing t o  t h e  impact a r ea .  
The T-boats (see f i g u r e  7.5-1) repor ted  no v i s u a l  s i g h t -  
i n g s  and t h a t  v i s i b i l i t y  had d e t e r i o r a t e d  t o  0-3 m i l e  i n  
r a i n  showers. The he l i cop te r  w a s  vectored t o  an area 
approximately 7 m i l e s  downrange on a bear ing  of 105 degrees 
from Pad 14. Radar t racking information and I P  709 and 
G. E. Burroughs impact pred ic t ions  ind ica t ed  t h e  p o s s i b i l i t y  
of p a r t s  being s c a t t e r e d  from 4 t o  7 m i l e s  downrange. A t  
approximately 9 ~ 3 0  a . m .  t he  T-boat from the  nor thern  posi-  
t i o n  jo ined  t h e  h e l i c o p t e r  i n  t h e  search area. No i n d i c a t i o n  
of capsule  o r  boos te r  impact w a s  found i n  t h e  a rea .  H e l i -  
cop te r  s ea rch  w a s  maintained (by success ive  r e l i e f s  by t h e  
two o the r  h e l i c o p t e r s )  u n t i l  approximately 10:30 a . m .  The 
sea condi t ions  continued t o  d e t e r i o r a t e  and were repor ted  
t o  be very  choppy with 8 foot  swells. A t  1 1 : O O  a.m. t h e  
sea rch  w a s  temporarily suspended due t o  t h e  extremely poor 
s e a r c h  condi t ions .  

Search opera t ions  were recommenced a t  7 : O O  a . m .  on 
J u l y  30. Additional a n a l y s i s  of r ada r  f i x e s  and impact 
p r e d i c t i o n s  ind ica t ed  probable landing areas a t  34 and 
5 m i l e s  due e a s t  of Pad 14. 

A t  approximately 12 o 'c lock the  T-boat began recover- 
i ng  capsule  p a r t s .  Salvage opera t ions  were continued u n t i l  
sundown, and approximately 90-95% of t h e  capsule ,  inc luding  
a l l  pyrotechnic devices  were recovered. The capsule  wreck- 
age w a s  l oca t ed  4 . 6  nau t i ca l  m i l e s  due east of Pad 14 on 
t h e  ocean bottom i n  60 f e e t  of water. Figure 7.5-3 shows 
t h e  recovery area. Salvage opera t ions  were resumed a t  7:OO 

35 



7 . 5  Recovery (Cont ' d) 

a . m .  on Ju ly  31. A s  of t h i s  wr i t i ng  no s i g n i f i c a n t  amount 
of booster  hardware has been recovered, 

The fol lowing evaluat ion and conclusions are made 
concerning t h e  recovery operat ions:  

a. The communications were good. 

b. The search  and loca t ing  procedures were severe ly  
hampered by the  poor weather and s e a  condi t ions .  

The following recommendations concerning recovery are 
made f o r  f u t u r e  opera t ions :  

a. The launch s i t e  weather requirements f o r  f u t u r e  
opera t ions ,  where t h e  capsule escape s y s t e m  w i l l  be u t i l i z e d ,  
should be such as t o  provide t h e  p o s s i b i l i t y  of t h e o d o l i t e  
t r ack ing  of a capsule  descending i n  t h e  launch s i t e  area .  

b. An a i r c r a f t  equipped with a SARAH r e c e i v e r  should 
be provided i n  t h e  launch s i te  area f o r  an a d d i t i o n a l  in- 
d i c a t i o n  of recovery system sequencing. 
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7 . 6  Capsule P o s t f l i g h t  In spec t ion  

A s  p rev ious ly  stated i n  t h e  S e c t i o n  on Recovery, approxi-  
m a t e l y  90 t o  95 pe rcen t  of t he  c a p s u l e  wreckage w a s  recovered .  
A l l  of t h e  recovered c a p s u l e  p a r t s  were found i n a c i r c u l a r  
area of approximately 50 f o o t  r a d i u s  i n d i c a t i n g  very  s t r o n g l y  
t h a t  t h e  capsu le  w a s  i n t a c t  a t  t h e  t i m e  of c o n t a c t  w i th  t h e  
water. From a g e n e r a l  i n spec t ion  of t h e  wreckage, i t  appeared 
t h a t  a t  impact t h e  c a p s u l e  must have been t i l t e d  such t h a t  
f i r s t  c o n t a c t  w a s  made by t h e  edge of t h e  heat s h i e l d  and t h e  
r eg ion  of t h e  c o n i c a l  section between s t r i n g e r s  16 t o  23. 
(The e n t r a n c e  ha tch  is located i n  t h i s  area of t h e  c o n i c a l  
sect  ion .  ) 

A l l  pyro technic  d e v i c e s  and exp los ives  on board t h e  cap- 
s u l e  were recovered w i t h  t h e  except ion  of one  parachute  e ject  
bag g a s  g e n e r a t o r  and t h e  two a u x i l i a r y  u m b i l i c a l  exp los ive  
d i s c o n n e c t s .  A l l  t h e  recovered pyro technic  d e v i c e s  were 
examined, and i t  w a s  v e r i f i e d  t h a t  none had f i r e d ,  w i t h  t h e  
p o s s i b l e  except ion  of  t h e  two pa rachu te  r e e f i n g  c u t t e r s  ( s e e  
below). A l l  t h r e e  pos igrade  r o c k e t  motors were recovered .  
Two of t h e s e  had been t o r n  away from the i r  mountings i n  t h e  
retro pack,  one motor still  remained a t t a c h e d .  None of t h e  
t h r e e  motors had been f i r e d .  Both  SOFAR bombs were also re- 
covered .  One of t h e s e  bombs had a rup tu red  case; however, 
t h e  powder cha rge  w a s  still  i n t a c t .  

The capsu le  telemeter, programmer, on-board recorders and 
on-board cameras were recovered. The r e c o r d e r s  were examined 
and determined t o  have func t ioned  p r o p e r l y ,  The r e c o r d e r  t a p e s  
have been reproduced and found t o  c o n t a i n  d a t a  on a l l  six tracks. 

The main parachute  was recovered ,  bu t  t h e  r e s e r v e  pa rachu te  
w a s  still  missing a t  t h i s  w r i t i n g .  The shroud l i n e s  of t h e  
main parachute  were found t o  have been p u l l e d  from t h e  deploy- 
ment bag,  and hence it is f e l t  t h a t  t h e  two r e e f i n g  c u t t e r s  
may have been t r i g g e r e d  b y  t h i s  a c t i o n ;  however, t h i s  has  no t  
been d e f i n i t e l y  e s t a b l i s h e d  a t  t h i s  t i m e .  The antenna c a n i s t e r  
w i t h  t h e  drogue pa rachu te  and mortar were recovered p r a c t i c a l l y  
i n t a c t .  A l l  a n e r o i d s ,  t h e  SARAH beacons and f l a s h i n g  l i g h t  
were also sa lvaged .  

The main and tower marman bands and t h e i r  f a i r i n g s  were 
recovered  i n  t o to .  The s t u b  tower w a s  found wedged t i g h t l y  a g a i n s t  
t h e  antenna f a i r i n g .  One-half of t h e  f i b e r g l a s s  cover ing  on t h e  
b l a s t  s h i e l d  of t h e  s t u b  tower w a s  s t i l l  a t t a c h e d  t o  t h e  b l a s t  
s h i e l d ;  however, t h e  o ther  h a l f  w a s  m i s s i n g .  There w a s  no 
ev idence  of any e r o s i v e  a c t i o n  on t h i s  cover ing .  
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7 . 6  Capsule P o s t f l i g h t  Inspec t ion  (cont ' d) 

The a b l a t i o n  s h i e l d  was ex tens ive ly  damaged i n  t h e  area 
of impact and s u f f e r e d  loss of a l a r g e  s e c t i o n  and genera l  
delamination. Some s h i n g l e s  were i n d i v i d u a l l y  recovered, and 
many were still a t t ached  t o  the genera l  capsule  wreckage; how- 
eve r ,  it is not  poss ib l e  t o  give an accounting of  s h i n g l e s  a t  
t h i s  wr i t ing .  

One s m a l l  s e c t i o n  (about 10 inches long) of t h e  adapter  
r i n g  w a s  l oca t ed  with t h e  capsule wreckage. A p o r t i o n  of t h e  
adapter  s k i n  s t r u c t u r e  approximately 10 inches square w a s  a l s o  
loca ted  with t h e  capsule.  

The only po r t ion  of the  booster found i n  t h e  capsule  impact 
area w a s  t h e  lox boil -off  valve. T h i s  valve w a s  l oca t ed  i n  t h e  
v i c i n i t y  of t h e  capsule  heat  shield--approximately 15 f e e t  away. 
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7.7 Range Instrumentation Performance 

A t l a n t i c  Missile Range (AMR) instrumentat ion support  w a s  
very good f o r  t h i s  test. A l l  ins t rumenta t ion  committed t o  t h e  
t e s t ,  except f o r  a few o p t i c s  i t e m s ,  were manned and ope ra t iona l .  
The s o l i d  c loud cover prevented t h e  o p t i c a l  ins t rumenta t ion  from 
providing information as t o  t h e  f a i l u r e  t h a t  occurred. 

Following is prel iminary information on t h e  s t a t u s  of 
ins t rumenta t ion  and coverage obtained. 

Opt ics  : 

No. of Items No. of I t e m s  
Used - Committed 

Metric 13 12 
Engineering Sequent ia l  43 39 
Documentary 37 41 

Radar: 

Although r a d a r s  at  P a t r i c k ,  Cape Canaveral and Grand 
Bahama I s l and  (GBI) were committed t o  support  t h e  tes t ,  only 
those  a t  P a t r i c k  and t h e  Cape acquired and t racked.  Prel iminary 
t r a c k i n g  r e s u l t s  i n d i c a t e  the  following. 

S t  a t  ion  
Tracking Time 
From To 

P a t r i c k  XN- 1 +30 sec +205 sec 

Cape FPS- 16 +16 sec +160 sec 

Cape Mod. I1 +15 sec +170 sec 

Cape Mod. I1 +15 sec +170 sec 

Cape Mod. I V  +8 sec +80 sec 

Telemetry : 

Link - S t a t i o n  I t e m  - 
Receiving I n t e r v a l  
From To 

Cape TLM 18 I (Booster) 0 sec +59 sec 
I1 (Capsule) 0 sec +203 sec 

GBI T r i  Hel ix  I (Booster) +52 sec +62 sec 
I1 (Capsule) +52 sec +172 sec 
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7 . 7  Range Instrumentation Performance (cont 'd)  

AZUSA; 

Prel iminary information i n d i c a t e s  AZUSA coverage from 
+30 sec t o  +60 sec. 

Command Functions: 

The Range Safe ty  O f f i c e r  t r ansmi t t ed  t h e  manual f u e l  cu to f f  
s i g n a l  as planned a t  0817~25.5  Eas te rn  Standard Time (261.58 
seconds a f t e r  2-inch l i f t o f f ) .  This  t ransmission had no bear ing 
on t h e  test  s i n c e ,  as e s t ab l i shed  la ter ,  f a i l u r e  and impact had 
a l ready  occurred a t  t h i s  t i m e ,  
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7.8 Film Review 

I g n i t i o n ,  l i f t o f f ,  and powered f l i g h t  appeared normal i n  
t h e  engineering s e q u e n t i a l  f i l m s .  Due t o  t h e  unfavorable  
weather cond i t ions ,  t h e  t racking f i l m  coverage (per imeter  
cameras) w a s  very poor both as  t o  du ra t ion  and q u a l i t y .  The  
s i l h o u e t t e  of t h e  test  vehic le  disappeared a t  T + 27 seconds 
( a l t i t u d e  about 7500 f e e t )  and t h e  boos te r  flame w a s  n o t  
v i s i b l e  a f t e r  T + 36 seconds ( a l t i t u d e  about 11,000 f e e t ) .  
The q u a l i t y  of t h e  f ixed  camera coverage (launch s i t e  cameras) 
was acceptab le  f o r  t h e  intended purpose. The coverage was 
good w i t h  t h e  exception t h a t  capsule  umbi l ica l  release and 
stub tower r a incoa t  pull-off were not  recorded. (Umbilical 
release and tbwer r a i n c o a t  pull-off were v i s u a l l y  observed 
from t h e  blockhouse and were s a t i s f a c t o r y . )  Fixed camera 
f i l m  d i d  show t h a t  t h e  tower raincoat w a s  dangling along t h e  
s i d e  of t h e  Midas tower a t  l i f t - o f f ,  i n d i c a t i n g  proper re- 
moval. I t  w a s  observed that t h e  s t u b  tower r a i n c o a t  w a s  
i n t a c t  up t o  t h e  t i m e  i t  was pu l l ed .  The lower raincoat 
on t h e  con ica l  s e c t i o n  of t h e  capsule  w a s  t o r n  (from t h e  bot- 
t o m  up t o  approximately t h e  window) on t h e  leeward s i d e ,  bu t  
appeared t o  provide ample pro tec t ion .  From t h e  f i l m s ,  t h e  A t l a s  
engine f i r i n g  sequence w a s  observed t o  be s u s t a i n e r ,  boos te r  
#1, booster  #2, and ve rn ie r s  l a s t .  
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8.0 CONCLUSIONS 

A l l  o ther  on-board s y s t e m s  ( l and ing  and recovery)  
were n o t  exerc ised  because of t h e  c o n d i t i o n s  under 

. 
The Mercury-Atlas No. 1 f l i g h t  t es t  w a s  a b r u p t l y  te rmina ted  

approximately one minute a f t e r  launch by an i n - f l i g h t  f a i l u r e  
of an undetermined n a t u r e .  S o l i d  c loud  cover  a t  t h e  t i m e  of 
launch precluded t h e  u s e  of o p t i c a l  r e c o r d s  i n  t h e  inves t iga -  
t i o n  of 
gard ing  

1. 

2 .  

3. 

4. 

5. 

6 .  

7 .  

t h i s  f a i l u r e .  
t h i s  f l i g h t  tes t :  

The fol lowing conc lus ions  are made re- 

None of t h e  primary c a p s u l e  t e s t  o b j e c t i v e s  were 
m e t .  

The s t r u c t u r a l  i n t e g r i t y  of t h e  c a p s u l e  w a s  main- 
t a i n e d  throughout t h e  f l i g h t  u n t i l  impact w i t h  t h e  
water. 

The capsu le  on-board in s t rumen ta t ion  performed i n  a 
h igh ly  s a t i s f a c t o r y  manner throughout  t h e  f l i g h t  
t o  impact w i t h  the  water. 

The on-board ins t rumenta t ion  showed t h e  presence  
of s h i n g l e  v i b r a t i o n  of a non-des t ruc t ive  n a t u r e  
near  a Mach number of one.  

The c a b i n  p re s su re  r e g u l a t o r  performed s a t i s f a c -  
t o r i l y  throughout t h e  f l i g h t .  

I 

All Department of Defense suppor t  f o r  t h e  o p e r a t i o n  
w a s  very  good. 

I 
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9.0 RECOMMENDATIONS 

1. The nex t  Mercury-Atlas mission (MA-2, c a p s u l e  N o .  
6 )  should be r e v i s e d  so tha t  t h e  test  o b j e c t i v e s  o r i g i n a l l y  
des igna ted  f o r  t h e  MA-1 m i s s i o n  can be achieved.  

2.  The de te rmina t ion  of t h e  cause  of f a i l u r e  of t h e  
MA-1 f l i g h t  test should be v igorous ly  pursued i n  o r d e r  t h a t  
any changes deemed necessary t o  c a p s u l e  or b o o s t e r  hardware 
may be incorpora ted  p r i o r  t o  t h e  next  tes t .  F u l f i l l m e n t  of t h i s  
recommendation r e q u i r e s  continued concer ted  e f f o r t  on recovery 
of p a r t s  of t h e  MA-1 boos t e r .  

. 

3. For a t  least  t h e  next t w o  Mercury f l i g h t  o p e r a t i o n s ,  
weather c o n d i t i o n s  should be such as t o  allow good d e t a i l e d  
photographic  coverage dur ing  t h e  powered phase of f l i g h t  t o  
t h e  range l i m i t s  of t h e  b e s t  AMR t r a c k i n g  cameras. 
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10.0 APPENDICES 

10.1 Capsule His tory  

Capsule number 4 (MA-1) a r r ived  a t  Cape Canaveral Missile 
T e s t  Center a t  3 p.m. on May 23, 1960. The apsule  w a s  complete 
except f o r  f l i g h t  instrumentat ion,  parachutes  and pyrotechnic  
devices .  

Following a s a t i s f a c t o r y  leakage rate t e s t ,  t h e  capsule  
wir ing  w a s  v e r i f i e d  during which t i m e  a l l  t h e  ins t rumenta t ion  
w a s  being f i n a l l y  bench-tested as a s y s t e m .  

The f i r s t  o v e r a l l  instrumentat ion tests i n  t h e  capsule  
revea led  unan t i c ipa t ed  d i f f i c u l t i e s  m a t e r i a l l y  a f f e c t i n g  t h e  
planned work schedule.  Changes i n  philosophy f o r  hangar 
checks became necessary. A l l  malfunctioning f l i g h t  ins t ruments  
w e r e  rep laced  by a backup sys t em,  o r  a dummy weight, so t h a t  
work could proceed both on the capsule  weight and balance 
measurements and t h e  f l i g h t  instruments.  T h i s  work r equ i r ed  
two a d d i t i o n a l  weeks over and above t h e  scheduled work per iod.  
T h i s  s l i ppage  w a s  caused by procedural problems w i t h  t h e  weight 
and balance f i x t u r e s  as wel l  a s  t h e  aforementioned d i f f i c u l t i e s  
with t h e  ope ra t ion  of t h e  o v e r a l l  ins t rumenta t ion  system. 

Following t h i s  per iod capsule s y s t e m s  tests were run i n  
t h e  hangar capsule  checkout room. These tests formally v e r i f i e d  
t h e  sequence system and t h e  instrumentat ion sys t em.  Minor d i s -  
c repancies  were noted i n  t h e  ins t rumenta t ion  s y s t e m  during t h e  
capsule  s y s t e m  tes ts ,  but f i x e s  were scheduled during the  com- 
p l ex  t e s t i n g  i n  o rde r  t o  accomplish t h e  F i r s t  Mate with t h e  
boos te r  as e a r l y  as possible .  C a l i b r a t i o n  curves f o r  t h e  f r eon  
and po r t ab le  a i r -condi t ioning u n i t s  were a l s o  e s t ab l i shed .  

The first mechanical mating of t h e  capsule  with the  boos te r  
(No. 50D) occurred on J u l y  5, 1960. Alignment w a s  good and no 
rework was required.  Instrumentation t e s t s  and prel iminary 
umbi l i ca l  p u l l  tests were performed and were s a t i s f a c t o r y .  Com- 
p l ex  wir ing and blockhouse consoles were found t o  be i n  good 
order .  Mechanical problems with f r eon  cool ing and booster  
electrical  i n t e r f a c e  p lus  thundershowers forced  postponement 
of t h e  test. 

The F i r s t  Mate and Instrumentat ion T e s t  w a s  s u c c e s s f u l l y  
completed on J u l y  6, 1960. The landing and recovery systems 
were sub jec t ed  t o  capsule  power and RF r a d i a t i o n  and a l l  of t h e  
1/16 ampere f u s e s ,  s imulat ing pyrotechnic  i g n i t e r s ,  surv ived  
t h e  tes t .  

The capsule  w a s  re turned  t o  Hangar S. Instrumentat ion and 
t e l e m e t r y  packages were removed and reworked. A new aerodynamic 
f a i r i n g  f o r  t h e  upper clamp r i n g  w a s  f i t t e d  t o  t h e  capsule.  A 
heavier  gauge per iscope door w a s  f i t t e d  and i n s t a l l e d .  Af t e r  
reassembly and b r i e f  instrumentat ion tests, t h e  capsule  w a s  again 
mated t o  t h e  boos te r  i n  prepara t ion  f o r  t h e  F l i g h t  Acceptance 
Composite Test  (FACT). 



10.1 Capsule History (cont  ' d) 

The FACT w a s  attempted July 13 and proceeded t o  T-90 
minutes. I t  was postponed as a r e s u l t  of malfunctions of 
booster  sys t ems .  These s y s t e m s  were mandatory f o r  t h i s  tes t  
both from t h e  s tandpoin t  of booster as w e l l  a s  capsule  test  
ob jec t ives .  

A second FACT w a s  conducted t h e  following day, and t h e  
d e s i r e d  r e s u l t s  were obtained u n t i l  about T-3 minutes when the  
capsule  t e l e m e t r y  RF power ampl i f ie r  and a s soc ia t ed  power supply 
fa i led.  This  f a i l u r e  w a s  determined t o  have r e s u l t e d  from a 
high vol tage  s tanding  wave r a t i o  (VSPJR) caused by t h e  close 
proximity of t h e  metal l e g s  of the s t u b  tower. Antenna loading 
s t u d i e s  were conducted w i t h  var ious p a r t s  and mck-ups of t h e  
s t u b  tower. A conf igura t ion  i n  which four  of t h e  s i x  s t u b  
tower l e g s  incorporated 2-inch i n s u l a t i o n  i n s e r t s  r e s u l t e d  i n  
a conf igu ra t ion  s u i t a b l e  f o r  proceeding w i t h  t h e  t e s t  program. 
Af te r  modi f ica t ion  of t h e  tower l e g s  and necessary tes ts ,  the  
FACT w a s  s a t i s f a c t o r i l y  concluded on J u l y  18. 

The F l i g h t  Readiness F i r ing  T e s t  (FRF) w a s  conducted on 
J u l y  21. No problems w i t h  t h e  capsule  were encountered. A l l  
of t h e  four-amp f u s e s  s imulat ing pyrotechnic i g n i t e r s  i n  t h e  
capsule  landing and recovery systems were blown during t h e  
FRF o r  i n  a s p e c i a l  t e s t  immediately a f t e r  t h e  FRF. A sa t is-  
f a c t o r i l y  low cabin  leakage ra te  w a s  measured before  and a f t e r  
t h e  FRF. 

Between FRF and launch, t h e  capsule  was r e tu rned  t o  the  
hangar, t h e  t ape  r eco rde r s  and cameras were removed, re- 
loaded, and rep laced ,  t h e  t e l e m e t r y  w a s  checked, and t h e  re- 
covery s e c t i o n  equipment w a s  removed. The  capsule  w a s  then  
reassembled with l i v e  pyrotechnics (except posigrade rocke ts )  
and i n s t a l l e d  i n  t h e  o p t i c a l  alignment f i x t u r e .  The weight 
and l a t e r a l  c.g. p o s i t i o n  of t he  sepa ra t ion  conf igura t ion  w e r e  
redetermined and t h e  l i v e  posigrade rocke t s  were r ea l igned  t o  
t h i s  c .g .  Two of t h e  four  i n s u l a t o r s  i n  t h e  s t u b  tower l e g s  
were lengthened t o  f u r t h e r  reduce t h e  VSWR. The capsule  w a s  
moved t o  t h e  complex f o r  launch and f i t t e d  with a ployethylene 
r a i n  cover.  Umbilical p u l l - t e s t s  were made t o  develop and 
q u a l i f y  t h i s  r a i n  cover. 

The launch opera t ion  was normal and uneventful ,  except f o r  
d i f f i c u l t i e s  encowkteredin the  extremely wet condi t ions  on t h e  
gantry.  Some d i f f i c u l t y  was experienced i n  checking and hooking 
up pyrotechnics,because of t he  necess i ty  of maintaining dry con- 
d t i i o n s  a t  t h e  connectors.  



10.2 FRF Vibration Measurements 

During t h e  f l i g h t  readiness  s t a t i c  f i r i n g  of t h e  engines ,  
capsule  a c c e l e r a t i o n s  were measured p a r a l l e l  and normal t o  
t h e  capsule  x-axis (see f igure  4.0-1 f o r  desc r ip t ion  of 
capsule  a x i s  system). The accelerometers were mounted on t h e  
capsule  b a s i c  s t r u c t u r e  ( t runnions) .  The response of t h e  
vibration-measuring s y s t e m  was e s s e n t i a l l y  f l a t  from 20 cps  
t o  2,000 cps.  

The d i r e c t i o n  of t h e  normal a c c e l e r a t i o n s  w a s  20° counter- 
clockwise from t h e  y-axis (viewed along t h e  x-axis i n  t h e  posh 
t i ve -acce le ra t ion  d i r e c t i o n  - see f i g u r e  4.0-1). Accelerat ions 
i n  both d i r e c t i o n s  showed o v e r a l l  r . m . s .  valves  a t  approximately 
3.0 g. A power s p e c t r a l  densi ty  d i s t r i b u t i o n  of each u s i n g  a 
25 cps  (approximately) f i l t e r  band showed peaks a t  t h e  follow- 
ing  magnitudes a t  t h e  ind ica ted  f requencies :  

Longi tudinal  Normal 

Frequency g2/cps 
CPS 

Frequency gz/cps 

190 .09 390 . 0 40 
330 .034 730 .026 

E 

L 

7 50 .015 
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